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General Instructions to Engineering Staff 


I. 

ORGANIZATION. 

(A) Discipline . 

Division (i) Division Engineers will report to and 

Engineers rece j ve instructions from the Assistant Chief 
Engineer on all matters of routine, administration 
of discipline,land areas, accounts, payrolls, esti¬ 
mates, and progress of construction. They will 
report to, and receive instructions from the 
Chief Division Engineer on all matters connect¬ 
ed with location and standards of construction, 
and all details thereof. 

Division Engineers will be in full direct 
charge of all matters of every kind, other than 
operation, in the districts under their charge and 
supervision. They will be expected to keep in 
close touch with their assistants, and should 
visit each party IN THE FIELD at least once in 
each week. They are responsible for the disci¬ 
pline of all parties under them; and have, and 
are expected to exercise, full power to deal with 
any breaches thereof. When it is necessary to 
discharge any person, or in case of resignation, 
they must send to Strathmore a statement of the 
time worked by such person since the last pay¬ 
roll, on forms provided for such purpose, and a 
statement of the reason of such discharge or 
resignation. They will see to it that these, or 
any special instructions are rigidly adhered to 
by all parties under their authority, and they 
will be held responsible that all surveys, loca¬ 
tions or constructions are carried out on stand¬ 
ard lines, and that standard plans and specifica- 
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tions are followed by all concerned. They are 
responsible for all Company stores, equipment, 
material and supplies, and will deal promptly 
and directly with any wilful or unnecessary 
waste or abuse of the same. 

(2) Operating Engineers will report to, and 
receive instructions from the Asst. Chief Engin¬ 
eer. They will have charge of the operating 
force, and all work connected with the mainten¬ 
ance and repairs necessary in connection with 
portions of the system which may be turned over 
to them when completed. They will also trans¬ 
act such special duties as may be assigned them 
by the Asst. Chief Engineer from time to time. 

(3) Assistant Engineers will report to, and 
receive instructions from the Division Engineer 
under whom they are working, unless instructed 
to report direct to headquarters. They will make 
such surveys and do such instrumental and office 
work as may be ordered by him, and all such 
work as is necessary for the proper conduct of 
location or construction, and the surveys prelim¬ 
inary or necessary thereto, whether such work 
is ordered by him or not, and will oversee con¬ 
struction when it is in progress in their districts. 
They are responsible to the Division Engineer 
for the proper discipline of their parties, and 
must immediately report to him any proposed 
discharge or resignation, with the reasons there¬ 
for. Such discharges however, must be confirm¬ 
ed by the Division Engineer before becoming 
effective. Assistant Engineers are responsible 
to the Division Engineer for the proper care and 
use of all company stores, equipment, material, 
or supplies in their charge, and must report any 
wilful or unnecessary waste or abuse of the same 
by any person. 

In case of dispute with any contractor or 
foreman they will report the circumstances to 
the Division Engineer for his action, and will 
not under any conditions make any promises to, 
or have any communications with any contract¬ 
or or foreman regarding matters in dispute. 
This does not preclude Assistant Engineers from 
notifying contractors of work not in accordance 
with the specifications ; but when any such noti¬ 
fication is sent, it must be in writing, and a copy 
of such notification must be forwarded to the Di¬ 
vision Engineer. Assistant Engineers are re- 



sponsible to the Division Engineer that all con¬ 
struction is according to specifications and plans, 
and that no variation therefrom is permitted with¬ 
out written instructions to that effect. They will 
issue, in writing, when authorized to do so, au¬ 
thority for extra work by contractors, and will 
be responsible that such work is properly and 
economically performed. Assistant Engineers 
will make monthly estimates as provided in the 
specifications and contract, and will be held re¬ 
sponsible that all work done is classified and 
measured in accordance therewith. They will 
keep their records up-to-date and must do such 
evening work as may be necessary to that end. 
Records will be kept in standard form as herein¬ 
after outlined. 

Chief (4) The Chief Inspector will report to and 

Inspector re ceive instructions from the Chief Division En¬ 
gineer. He will be responsible for the quality 
of all timber or concrete construction, and must 
see that all standard plans are followed, with 
such modifications as may be authorized. He 
will also transact such other duties as may be 
assigned to him from time to time by the Assist - 
ant Chief Engineer. 

Inspectors (5) Assistant Engineers and Inspectors in 
charge of timber or concrete construction will 
report to and receive instructions from the Chief 
Inspector on all questions having reference to 
the quality of construction and the carrying out 
or modification of standard plans. On all other 
matters they will report to and receive instruct - 
ions from the Division Engineer, whom they must 
help in the preparation of maps, plans or records 
when required to do so, and they must be pre¬ 
pared to do whatever night work is necessary 
when so instructed. 

Rodmen (6) Rodmen must faithfully carry out the 

duties in the field assigned them by the Engineer 
under whom they are working, and must also 
help Engineers in the preparation of any maps, 
plans or records, when required to do so, and be 
prepared to do whatever night work is necessary 
when so instructed. 

Chainmen (7) Chainmen must faithfully carry out the 

duties in the field assigned them by the Engineer 
under whom they are working. They will be 
held responsible that a sufficient supply of stakes 
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is always ready for use, and must notify the 
Engineer when additional material is required. 
They are responsible for any axes, chains or 
tapes in their charge, and in event of loss or 
breakage without reasonable excuse, will be 
charged with the cost of repairs or renewal. 

Teamsters (8) Teamsters are responsible for the pro¬ 
per care and treatment of all horses and trans¬ 
port entrusted to their care. They must be pre¬ 
pared to help chainmen when called upon to do 
so, and must do any other work which may be 
assigned them by the Engineer. 

All (9) All persons employed by this Depart- 

Employees men t w iH a ct in accordance with instructions 
issued from time to time by proper authority. 

(B) Returns and Reports. 

Weekly (l°) Engineers are required to return, each 

Returns week, an account of the force employed and 

Force plant in use on the various sections in their di- 

Account visions. Forms will be supplied for this purpose, 
and shall be made up by Assistant Engineers, 
each Monday, for the week before. They shall 
be initialled by the Division Engineer, and for¬ 
warded to the Asst. Chief Engineer on first con¬ 
venient opportunity. 

Monthly (n) The following monthly returns are re- 

Returns quired from Engineers: 

Payrolls ( a ) Payrolls will be made up monthly 

by the Division Engineer, on forms sup¬ 
plied, covering all the men working under 
him. They shall reach the Asst. Chief En¬ 
gineer not later than the 28th of each 
month. 

Requisition (b) Each Engineer in charge of a camp 

for Supplies will make a requisition on the Stores De¬ 

partment at Strathmore, once a month, for 
the supplies estimated as being necessary 
for the next thirty days. When conven¬ 
ient, he will procure these with his own 
transport. Fresh meat will be supplied 
once each week. 

. A statement of the expenditure of each 

camp will be made out by the Storekeeper 
each month, and a copy thereof forwarded 
to the Engineer in charge, and all Engin¬ 
eers must guard against waste or unneces¬ 
sary expense. 
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(c) Assistant or Division Engineers in¬ 
curring necessary indebtedness on account 
of the Company, must procure bills in 
triplicate covering the sums promptly at 
the end of each month. These must be cert¬ 
ified to by the Division Engineer, and for¬ 
warded to the Asst. Chief Engineer, and 
should state the work against which each 
should be charged. 

Engineers must not procure supplies or 
camp equipment from local dealers, ex¬ 
cept in emergency or at their own expense, 
unless with authority from the Asst. Chief 
Engineer or Storekeeper. 

(d) At the close of each month, each 
Asst. Engineer will make up, in duplicate, 
an estimate of the work performed to date 
by the contractors, and return same to the 
Division Engineer, who, after checking 
them carefully will send same to the Asst 
Chief Engineer at Strathmore, in whose 
hands they must be not later than the 28th 
of each month. Forms will be supplied 
for this purpose. 

No information will be given to con¬ 
tractors or sub-contractors in reference to 
their estimates, by any members of the 
staff. 

Division Engineers will send to Head¬ 
quarters at Strathmore a monthly report, 
giving a concise statement of surveys 
made, work done, and constructions under 
way and accomplished, with a general 
report on the Division as a whole. The 
report should state: the mileage complete- 
ed with and without structures, mileage 
opened but not completed, mileage on 
which nothing has been done, and an es¬ 
timate of the time required to complete 
with the available force. 

(e) A statement is to be made month¬ 
ly to the Asst. Chief Engineer showing all 
parcels of land for which gates have been 
built in each District and which are ready 
to deliver water when required. 

(f) A similar statement to the above is 
to be made monthly to the Asst. Chief En¬ 
gineer regarding gates supplied with 
measuring weirs. 



Periodical 12. The following periodical returns are re- 

Returns q U i re d from Engineers : 

(a) Within thirty days of the com¬ 
mencement of the work, each Asst. En¬ 
gineer will make a complete inventory of 
all property of the Company in his hands. 
This will be delivered to and initialled by 
the Division Engineer, and forwarded by 
him to the Asst. Chief Engineer. Forms 
will be supplied for this purpose. This 
must also be done at the close of the sea¬ 
son’s operations. 

(b) A statement of Irrigable and Non- 
Irrigable areas shall be prepared on stand¬ 
ard forms provided, whenever asked for by 
the Asst. Chief Engineer and forwarded to 
him at the earliest possible date. 

In preparing lists of Irrigable and Non- 
Irrigable land in any district, Engineers 
will be guided by the following rules:— 

1. The unit for determination of irri¬ 
gable area will be the Quarter Section. 

2. The irrigable area on each quarter 
section will be the total area which lies at 
a lower elevation than the point where the 
water is delivered to such quarter section, 
without any deduction for lakes or swamps. 

3. The irrigable area for any parcel less 
than one-quarter section will include every¬ 
thing in the said parcel which is below the 
point of delivery to the quarter of which 
it forms part. 

4. When right of way must be taken, 
but cannot be described from existing in¬ 
formation, the parcel affected thereby will 
be marked as “Right of way to be taken, 
area to be ascertained later.” Only in 
case of changes subsequent to the close 
of field work will such marking be ac¬ 
cepted. 

5. Areas Irrigable only at greater cost 
than $5 per acre will be marked “Reserv¬ 
ed for future construction.” 

6. Delivery will be made only at the 
highest attainable point on the boundary 
of each parcel, and at but one point. 
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(C) General. 

£ am P 13. Tents, utensils and transport will be 

Equipment f urn i s hed by the Company. Engineers are re¬ 
sponsible for their proper care and return in 
good condition with due allowance for reason¬ 
able wear and tear. 

Personal 14. All persons employed must furnish their 

Equipment own bedding and personal necessities. Engin¬ 
eers must furnish their own transits, levels 
and draughting instruments, and levelers their 
own levels. Persons using Company’s instru¬ 
ments will be held responsible for their proper 
care, and in the case of levels, must pay $3.00 
per month rental for the use of the same. 

Serious 15. i n case of serious accident to anyone, 

Accident necessitating hospital treatment, the Engineer 
must immediately notify the Strathmore office 
by telephone or messenger, giving full particu¬ 
lars as to circumstances of accident and charac¬ 
ter of injury. The injured person must be con¬ 
veyed with all possible care to the nearest point 
on the railway at which there is an operator, and 
if necessary must be accompanied by some per¬ 
son until turned over to medical care. 

All parties are notified that accident is a 
matter of personal responsibility and that the 
Company is in no way liable for the results, and 
that all persons accepting employment waive 
the right of recovery as a condition precedent 
thereto. 

Serious 16. Cases of serious illness requiring med- 

Illness j ca j treatment are to be handled in the same 
manner as accidents to the person. 

Leave of 17. Leave of absence will only be granted 

Absence (except for serious illness) by the Asst. Chief 
Engineer. Transportation over the Company’s 
railway lines will not be granted under any cir¬ 
cumstances, except for serious illness or acci¬ 
dent necessitating hospital treatment, or in the 
case of transacting Departmental business. 

Notice of 18. All employees are required to give two 

Resignation -^g^g no tice of resignation; or otherwise they 
r ismiss w yj f or f e j t pay f or t be same period. The same 
notice will be given them in case of dismissal 
for any cause other than flagrant breach of dis¬ 
cipline, or the unavoidable general closing down 



of the work. No time checks will be issued to 
employees resigning without good cause, wheth¬ 
er notice of such resignation has been given or 
not. 


Intoxicants 19. No intoxicating liquors are to be brought 
brousht * 5 * nto or kept camp. Any infraction of this 
into camp rule will be considered sufficient cause for dis¬ 
missal without notice, as will the habitual use of 
such liquors in any place. Engineers must sfie 
that this rule is enforced. 

Sanitary 20 . Engineers will be held personally re- 

of camp" 1 sponsible for the sanitary condition and cleanli- 
0 p ness of the camps under their charge. Refuse 
must not be deposited in heaps, but must be 
placed in holes dug to receive it and covered 
over at short intervals of time. Wood chips and 
shavings are to be periodically burnt; stake- 
wood, firewood, lumber, etc., must be kept neatly 
piled; and the whole camp must at all times pre¬ 
sent a tidy and neat appearance. Personal un- 
cleanliness or unsanitary habits will constitute 
cause for immediate discharge without notice. 
Prairie fires 21. All employees are reminded of the “Act 
Protection respecting Prairie Fires” and are warned that 
r the Company will facilitate prosecutions in case 

of violation thereof. 

All inflamable material must be kept well 
away from fires and to windward, in the direc¬ 
tion of prevailing winds (north-west). 

Employees living under canvas must exting¬ 
uish fires in camp stoves before leaving them. 

Engineers will arrange to plough a fireguajrd 
around each camp at the earliest opportunity, 
and will be responsible that such fireguard is at 
all times kept in good condition. 



II. 

SURVEYS AND CONSTRUCTION 


Surveys 


(D) Surveys, Location and Design. 

22. Attention is directed to the following 
extract from the Dominion Lands Act:— 

127. “When, in the survey of legal subdivis¬ 
ions, it is necessary for a Dominion Land Sur¬ 
veyor to establish the division line between two 
sections, he shall effect this by connecting, by a 
straight line, the opposite original section corn¬ 
ers, if they exist, and if not, by similarly con¬ 
necting the points established in renewal there¬ 
of, in accordance with the next preceding clause, 
giving, in either case, the quarter sections in¬ 
volved an equal breadth. 

2. In laying out a half section or a quarter 
section he shall connect the opposite quarter 
section posts by straight lines. 

3. In laying out other and minor legal sub¬ 
divisions he shall give to every such subdivision 
its proportionate share of frontage and interior 
breadth, and connect the resulting terminal 
points by a straight line. 

4. The lines or limits so drawn on the 
ground in the manner above prescribed shall, 
in the respective cases, be the true lines or limits 
of such section, half section or other legal sub¬ 
division, whether the same correspond or do not 
correspond with the area expressed in the re¬ 
spective patents for such lands. 46 V., c. 17, 
s. III.” 

The following should also be noted: 

The quarter section angle on a blind section 
line is defined by a point midway between the 
east and west limits of the section. 

In quartering a section, lines are drawn join¬ 
ing the quarter section posts or mounds. 
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It is advisable to have bearings of all tra¬ 
verse lines within any section computed from 
some one boundary of the section, assuming it 
as running true to one or other of the cardinal 
points, and to have the bearings indicate which 
boundary is so taken. 

It is also necessary to measure so many of 
the boundaries and angles as will enable the 
section and quarter section lines to be correctly 
plotted. 

Preliminary 23. If reliable contour maps are available, 
Survey they will answer all purposes of preliminary 
surveys. When they are not available, prelim¬ 
ary surveys will be necessary in order to determ¬ 
ine the extent of the irrigable land and its dis¬ 
tribution throughout the district. As a rule these 
surveys should be carried out as follows, in order 
to obtain the best results: 1st. A hasty location 
of a falling contour on an assumed grade when¬ 
ever any large non-irrigable area is to be cut out. 
2nd. Profiles over all the land lines where the 
lay of the land requires such. 3rd. Traverses, 
with or without profiles, of the principle water¬ 
sheds and drainage channels. 

Most of the above can be done with suffic¬ 
ient accuracy by stadia methods, and with a 
much more satisfactory rate of progress. Hav¬ 
ing put the information from the above surveys 
on paper, the Engineer should be able to work 
out the general scheme of distribution for the 
district, and to design the district canals and lo¬ 
cate the same forthwith. The distributing ditch¬ 
es should require very little in the way of further 
preliminary work. The profiles of the land lines 
will show the point of delivery to each parcel, 
and these ditches are best located up grade from 
that point to the point of supply. In making 
the preliminary surveys, it will be advantageous 
to mark the chainage and direction of the land 
lines at very frequent intervals on firmly set 
stakes. Bench marks should be numerous, and 
should be set where they will do the most good; 
that is near canal or ditch locations, also at all 
land mounds or pits. All intersecting lines of 
levels should be tied together, and B.M’s must be 
thoroughly checked before they are accepted as 
correct. 

Location 24. In location surveys it is best to let the 

Surveys level precede the transit: in fact, except where 
10 



right of way will be required, there is no need of 
a transit. The Engineer should locate a falling 
contour by rod and chain. For canals or ditches 
less than four feet bed, this contour, with slight 
modifications, is the final location. For larger 
ditches or canals, after locating a contour for 
say 1200 feet as a trial line, the contour should 
be straightened or “averaged” by a series of 
tangents and suitable curves put in at the apices. 
The lengths of these tangents and the maximum 
offset from the contour, are dependent on the 
size of the proposed canal and the transverse 
slope of the country, and are a matter of judg¬ 
ment for each case, and no general rules can be 
laid down to fit all cases. For small canals in 
steep broken country they are necessarily very 
short; whereas, in smooth, comparatively level 
country they may be very much longer. The 
above, of course, applies only to contour loca¬ 
tions, where the grade of the canal more or less 
definintely fixes its location. On watershed lo¬ 
cations, or on drop lines, the best procedure is 
to run bold lines from point to point as straight 
as possible, and then make such diversions from 
these lines as are shown to be necessary, or ad¬ 
visable, by the profile. Ties to land corners 
when not required for right-of-way purposes 
may be made by random lines, or stadia shots, 
not necessarily on the land lines. When they 
are required for right-of-way purposes, the land 
lines must be run out from mound to mound, and 
the intersection with the traverse established 
and the angles read. When time is available, a 
closed survey should be made of each quarter 
section affected. 

BENCH MARKS on location surveys should 
be closely spaced, not over 1200 feet apart. A. 
B. M. should be set at every land line crossed, 
and at the probable site of every structure or 
group of structures. LOCATION BENCH MARKS 
should be of as permanent a character as possi¬ 
ble. 

INTERSECTIONS ON TRAVERSES should 
be well referenced for easy replacement, either 
by three lines intersecting over the point, or by 
two lines and two distances. 

Locations 25. Where possible without sacrifice of land 

Line's 11 ' 1 or economy in construction, District Canal sys¬ 
tems will follow the boundary lines of the sys- 
11 



tern of land survey. 

All Canals or Ditches located on land lines 
must be at least 12 feet clear thereof, and must 
not be on the road allowance. When they fol¬ 
low the general direction of a road allowance 
they will be located on the side which requires 
the fewest crossings. 

Alignement 26. Canals should be as nearly straight as 
possible, consistent with economy in quantities, 
overhaul and structures. FOR BED WIDTHS 
LESS THAN FOUR FEET the location is best on 
a grade contour, with the lower slope stake in 
cut equal to or, a little less than the depth of 
water; FOR CANALS 4 FT. BED AND OVER, 
the location is usually better when made by 
tangent and curves. Curvature should not be 
too sharp; from ten to fifteen times the depth of 
water is a suitable radius. The length of the 
curve itself should not be more than 200 feet, ex¬ 
cept for very large angles on large canals. 

Profiles 27. The ideal profile would be a straight 

line parallel to the grade line at such a distance 
above it as would balance quantities. It is of 
course impracticable to secure anything like 
this; but it should be held in view as desirable. 
When crossing ravines or coulees, large canals 
should cross at or near grade; while smaller 
ones, below six feet bed, should cross in cut 
about equal to one-half the depth of water. 
Crossing of road allowances, where a bridge 
will be required, should be as nearly at right 
angles as possible; and canals at these points 
should be in slightly excess cutting to provide 
material for the approaches. 

Duty of 28. The legal duty of water, or the area to 

Water k e i rr ig a ted by a continuous flow of one cubic 
foot per second, is one hundred and fifty acres; 
smaller areas being allotted a proportionate 
quantity. To ensure the supply of water, re¬ 
quired by law, the distributing ditches must be 
so designed as to give each parcel of land its 
proper quantity at the point of delivery, after 
providing for seepage, evaporation or other loss 
in transit. To accomplish this the smaller 
ditches will be constructed on a basis of carry¬ 
ing more water than is required to supply farms 
at the lower end, and our practice is that no dis¬ 
tributing ditch should be of less size than two 
12 i 



and one-half feet wide by one foot deep, 
mum 29. The maximum velocity of water per¬ 
vades is three feet per second ; it cannot, how¬ 

ever, be reached, as a rule, on contour lines, 
touting though it may on drop lines. It does not pay to 
>es adopt a steeper grade on contour ditches than 
0.10 %, unless there is nothing to be gained by 
keeping up grade. 

In general in designing District canal sys¬ 
tems, engineers should aim at keeping water 
moving at a practically uniform velocity. Every 
time the velocity is checked it means the depo¬ 
sition of silt, which necessitates cleaning out ; 
and, on the other hand, each increase in velocity 
means erosion, which is deposited at the next 
check. 

On small ditches, 3-ft. bed and under, the 
maximum grade permitted will be I %, in the 
firmest soil. In loose sandy soil the maximum 
grade will be 0.5 %. Discharge diagrams 
furnished must be used in designing distribu¬ 
tary ditches. 

Where double fills occur on steep drop lines 
and the banks are spread apart to obtain mate¬ 
rial, the grade of the ditch may be increased for 
half mile ABOVE the fills to a rate which will 
give a velocity of 4 feet per second. Drops to 
correct this grade may be built subsequently if 
the need of such develops. 

gning 30. In designing the cross sections for any 
3 0ns canal, KUTTER’S FORMULA FOR DISCHARGE 
is to be used, the factor N being taken at 0.025. 

As the velocity of water in any canal de¬ 
pends on the cross section and grade; if the 
latter is fixed, the velocity can be varied within 
considerable limits by alteration of the cross 
section. The section giving maximum velocity, 
and consequently maximum discharge, for a 
given area and grade would be the semi-circle, 
and the nearer the cross-section approaches a 
semi-circle the higher the velocity. As long as 
the rate of grade is such that the highest attain¬ 
able velocity is less than three feet per second, 
there is a large possible saving in excavation by 
a judicious choice of cross sections. Where 
part of a canal is in fill, carrying water, the 
slopes should not be less than 1% horizontal to 
I vertical. For this slope the cross section 
which gives the maximum area for minimum 


wetted perimeter (and consequently a maximum 
Hydraulic radius) is when the bed width and 
depth are in the ratio of about 6 to io. The var¬ 
iation in Vr is very slight however until the 
ratio exceeds about 25 to 10, after which the 
value of Vr decreases very rapidly for any given 
area. Between the limits of 6 to 10 and 25 to 10 
any ratio is admissable without any noticeable 
sacrifice of efficiency. 

On drop lines, by using a ratio higher than 
aboye, it may be possible to keep the velocity 
inside the maximum on even moderately steep 
grades, and thus dispense with a number of cost¬ 
ly drops. In solid rock the most economical 
section is a semi-hexagon for all grades. 

All calculations for Main, Secondary or 
large District Canals will be made upon the 
printed forms provided, and must be signed by 
the Engineer making the calculations, and 
checked by the Chief Division Engineer, who 
will initial same to indicate check. 

Method of 31. Probably the best \»ay of locating a line 
Quantities on w ^' c ^ cut an d AH will balance, is to run out 
y 1 a falling contour for the point on the cross sec¬ 
tion at which the cut will balance the fill, after 
allowing for shrinkage, for any degree of trans¬ 
verse slope whatever. Such point may be found 
as shown on the attached blue print of Plan No. 
673A. 

After cross sections are taken and quantities 
calculated, the mass curve is plotted, and over¬ 
haul, borrow, and waste noted on the profile. 
Points where these are excessive, or where the 
quantities are unreasonably high, must then be 
corrected in the field where possible. 

Right-of- 32. Right-of-way is taken for all canals 

to be taken ^ av * n S a bed width of 5 feet or over, and for all 
canals and ditches of any size through lands 
which are not the property of the Company. 
When surveys are required for right-of-way 
purposes, they will be made according to the 
“ Dominion Lands Act ” and the “ Land Titles 
Act.” These Acts require a description by 
metes and bounds, and all surveys for this pur¬ 
pose must be made with this end in view. 

Reservations for right-of-way are as here¬ 
under :— 
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For Main Canals 

150 feet on lower side of center line. 

100 feet on upper side of center line. 

Extra width where required on account 
of high fills, borrow, waste or flooded 
areas, the latter to be included within a 
series of tangents. 

For Secondary Canals 

125 feet on lower side. 

75 feet on upper side. 

Extra widths as referred to above. 

For Main Distributaries (5 feet bed and larger) 

Allow about 10 feet from upper cut 
stakes and allow about 20 feet from lower 
bank stakes, making the total width of 
right-of-way a multiple of 5 feet, and 
keeping the width uniform for ditches of 
any one size. The same allowance to be 
made for high fills, borrow, waste or 
flooded areas as outlined above. 

For Small Ditches 

No right-of-way will be reserved for 
ditches under 5 feet bed width except 
through private lands; in which case a 
40-feet strip should be sufficient, with 
about 15 feet on the upper side and 25 feet 
on the lower side of centre line, making 
the strip follow the general alignment 
of the ditch as nearly as possible by a 
series of tangents. 

Method of 33. DISTRICT CANALS, which include all 
Snak ng canals heading in secondary canals and all others 
Ditches, and over 5-feet bed, will be given a distinguishing 
Structures letter and referred to as District Canals "A,” 
“B,” “C,” etc., in each Irrigation District, and will 
keep this letter throughout their length. When 
the canal forks into two or more branches, the 
branch to the left, going down stream, will retain 
the original letter, and the other branches will 
be given new letters in order. Letters must be 
clearly shown on District maps, and the length 
of canal to which each applies must be dis¬ 
tinctly indicated. 


DISTRIBUTING DITCHES heading in Dis¬ 
trict canals will be numbered in the order in 
which they are taken off from District canals, 
the number being prefixed by the distinguishing 
letter of the District canal in which they head, 
as “A. I,” “A.2,” etc. When a distributing ditch 
forks into two or more branches, the branch 
leading to the left, going down stream, is to re¬ 
tain the original number, and the ones to the 
right will receive additional numbers, in the 
order in which the water reaches them, as “A.I-I,” 
"A. 1-2,” “A.1-3.” Should more than one branch 
leave a distributing ditch at any point, they will 
be numbered in order from the left. The same 
principle will be followed with all subsequent 
branches, i.e., the ditch leading to the left will 
retain the number of the ditch in which it heads, 
and the forks to the right will get additional 
numbers in order. Short ditches of 100 feet or 
so, WITHOUT ANY STRUCTURES, which only 
serve single sale parcels, are to be treated as 
outlets and neglected in numbering. 

NATURAL WATER COURSES used to carry 
water for irrigation will be treated as either 
District Canals or Distributing Ditches, and 
numbered as such. Parts of such courses not so 
used will not be considered as part of the sys¬ 
tem. 

STRUCTURES will be numbered in order, 
independently of their kind, and the number of 
the structure will be followed by the number of 
the ditch or canal on which it occurs, a new 
series being started for each new number, but 
continuous on the old one. 

GATES are to be considered as structures on 
the canal which feeds them, and not on the one 
which they feed. 

It is to be understood that the relative size 
or importance of any canal or ditch has nothing 
whatever to do with its number, the system being 
based on the principle of keeping to the 
LEFT when a ditch forks. 

SPILLWAY CHANNELS from secondary 
canals or the larger district canals will be 
NAMED, if not used as irrigation channels. 
When they are so used they will be numbered 
as above. 

It is recognised that the rules as outlined 
above cannot be immediately followed during 
location; but as soon as the work of location is 
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sufficiently far advanced to admit of it, this 
method MUST be applied in designating the 
various units of the distributing system in any 
district. 

The attached blue print of PlaA No. 246 is 
made with a view of illustrating the system 
herein referred to. 

p Ia n’ nri 34- maps, plans, profiles, or records of 
Records ^ any description are the property of the Com¬ 
pany, and must not be given to any person not 
connected with the Department, without direct 
permission of the Asst. Chief Engineer; and no 
information whatever regarding the work is to 
be given out without his authority. 

Strict compliance with instructions, and in 
accordance with samples given, is expected, 
concerning the preparation of maps, profiles, 
records and estimates. 

So far as practicable, all maps, profiles, 
estimates and general records must be completed 
while the surveys are in progress, thus avoiding 
unnecessary accumulations at the close of the 
season. 

RIGHT-OF-WAY PLANS will be on a scale 
of 250 feet to an inch, and on sheets provided. 
They must give the necessary information to 
permit of a proper description being prepared 
of the land to be taken, and should be plotted 
by latitudes and departures. 

ALL LATITUDE AND DEPARTURE CALCU¬ 
LATIONS will be made on the forms provided, 
and must be signed by the Engineer making 
same, and checked by some other member of the 
staff, who will initial same to indicate check. 

FIELD PLANS will be prepared to a scale 
of 1,000 feet to an inch, showing all canal or 
ditch locations, traverse lines, streams, drainage 
channels, roads or other information obtained. 
These plans must be kept up-to-date in camp. 

PROFILES of all canal or ditch locations 
will be prepared on profile paper, to a horizontal 
scale of 400 feet to an inch, and a vertical scale 
of 20 feet to an inch. They must show ground 
elevation, grade, and water-line, and location 
and character of all structures, and also all 
bench marks, where possible, and must be kept 
up-to-date in camp. 

All maps and profiles must contain the name 
of Engineer or Draftsman and date. 
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All information obtained must be recorded 
in FIELD BOOKS SUPPLIED FOR THE PUR¬ 
POSE. They should indicate each day’s work, 
giving date and weather conditions. The fly- 
ldaf of each book must show in ink the name of 
each branch or section of the work which the 
notes cover, and also the name of Engineer or 
Instrument-man. All notes of ABANDONED 
LINES should be marked as such, and MUST 
NOT BE ERASED. Notes should be so kept 
that they may be understood by ANYONE. The 
field books must be indexed and turned in to the 
general office on completion of the work. 

ALL LEVEL NOTES must be checked at the 
end of each day’s work, and each page of levels 
must be proved in the field. 

(E) Canal Construction 

Excavations 35. Cuttings and embankments must be in 

generally strict accordance with the specifications, and no 
variation will be allowed without written author¬ 
ity for each case. Waste material must be put 
outside the banks and used to widen them uni¬ 
formly, or else to strengthen the lower two-thirds 
of the embankment in the nearest coulee crossed 
by the ditch; if it can be put there without in¬ 
curring excessive overhaul. Borrowing, when 
necessary, is to be done by—(1) deepening the 
canal; or, (2) widening it if (“1”) is not possible; 
or, (3) both if required. If neither are practicable, 
borrow pits may be made, well away from the 
canal, on the high side. They must be arranged 
to drain into the canal. Borrow for double fills 
may be made by spreading the banks far enough 
apart to get the material between them, but the 
material for fills and levees of all descriptions 
should be overhauled from canal excavations 
whenever it is possibe to so locate the line. Side 
borrow for levees and double fills will not be 
allowed outside the banks. The Standard Cross 
Sections, as shown on attached blue prints of 
Plans 673 and 673 B, must be adhered to. 

Embank- 36. The outer slope of embankments should 

men s never be steeper than 1 % to X if the canal carries 
water against them. Where they are used as 
part of the canal prism the minimum depth of 
cutting, at the lower slope stake, is two-thirds 
the depth of water. This requirement, while 
not absolutely insisted on in every case, should 
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be followed as far as possible when locating 
Main or Secondary Canals and where no other 
consideration governs. Embankments should 
be strengthened in all cases where crossing 
ravines or coulees, and on the outside of all 
curves if waste material is available. In estim¬ 
ating cross section areas in embankments or 
dams for purposes of balancing quantities, or 
calculating overhaul, an allowance of IS % 
should be added for shrinkage and settlement. 

Double Fills 37. Embankments carrying water, such as 

and Levees fills, e tc., must be at least three feet wide 

on top, twelve inches above water level at least, 
and must have at least 1% to I slopes. The origin¬ 
al surface must be stripped or bonded. 

Levees will be staked out for a height of 
six inches above the water level in the proposed, 
ditch. They will have width at water level of 
9 feet plus the water level width of the ditch. 
They will be built solid to their full height and 
the ditch subsequently excavated in them, the 
material being placed on each side evenly. 

Before deciding on a levee or a double fill 
for a particular service, a comparative estimate 
must be made, and the cheaper method adopted. 
As a rule the levee is cheaper when the height 
exceeds the depth of water by a little less than 
half the bed width of the proposed ditch ; the 
height in such cases being measured to the full 
supply level. 

Small 38. On drop lines, small ditches should be 

Ditches excavated to a uniform depth below the surface. 

Side slopes will be I to I, and they shall not 
be designed for a velocity of more than three 
feet per second. Where they are taken out of 
coulees, the upper hundred feet should be located 
in cutting at least six inches more than the depth 
of water they are designed to carry. 

Dams on coulees should be at least 2 feet 
above water level in distributary, not less than 
3 feet wide on top, and with 1% to I slopes at 
least. 

The table of standard cross sections must 
be adhered to on all contour locations. (See 
attached blue print of Plan No. 673). 

Stripping 39, Stripping and bonding will be required 

g nd d . a when banks carry more than ten feet of water, 
on mg or where the natural sod and soil are more than 
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ten inches deep, and in boggy or marshy ground.) 
Where the height of fill is equal to, or greater 
than, the depth of water, the ground under the, 
banks must be stripped or bonded out to a point 
where a 3 to I slope from the water level would 
intersect the ground. Where banks carrying 
water have to be built on steep ground, the 
stripped area under them must be plowed after 
stripping, and before the banks are built. Read 
carefully Clauses 5 and 6 of Specification for 
Canal Construction, and see that they are fol¬ 
lowed. 

40. The definition of overhaul, as given in 
the Specification for Canal Construction, Clause 
12, forbids payment for movement unless such 
movement has a component parallel to the canal 
axis of more than 100 feet, except in the case of 
borrow pits. 

The distance for which payment is made is 
to be measured on the canal axis. 

The distance from the highest point on the 
cutting to the lowest point on the fill, on the 
same cross section, might be much more than 
100 feet, but no payment for overhaul would be 
made thereon, as there is no component parallel 
to the canal axis. 

In the case of borrow pits„not on the ordin¬ 
ary cross section, i.e., not connected with the 
canal except by a drain, it is specified that the 
distance is to be measured in a straight line be¬ 
tween centers of gravity of cut and fill. Such 
overhaul will appear on the mass curve as 
borrow, and not overhaul, and must be shown 
by a separate notation to that effect. 

Calculation 41. Overhaul is to be calculated by the 
Overhaul method of mass curve in every case. 
v a To compile the mass curve, the excess, 

whether positive or negative, cf excavation over 
embankment at each station, is tabulated and 
summed algebraically for each station in suc¬ 
cession. Any horizontal line on the profile 
paper is taken as zero, and the algebraic sum of 
the differences up to any station is plotted by a 
scale of cubic yards to an inch on the same 
vertical line as the same station on the profile. 
Positive quantities are plotted above the zero 
line, while negative quantities are plotted below. 
The points are joined up as in plotting profiles, 
and areas - balanced by a horizontal line (not 


Overhaul 

Specifica- 
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Structures 

generally 


Flumes 


necessarily the zero line) in exactly the same 
manner as cut and fill are balanced on a railway 
profile. 

The length, in stations, of the intercept on 
the balancing line by the mass curve, multiplied 
by the MEAN ORDINATE to the mass curve 
from the balancing line, measured in cubic 
yards, gives the TOTAL OVERHAUL in yard- 
stations for the part of the work under consid¬ 
eration; from which must be deducted the FREE 
HAUL, which is the MAXIMUM ORDINATE in 
yards, multiplied by one station. The balance 
is the overhaul for which payment is to be made. 
This is to be noted in detail on the profile. 
Whenever the balancing line has to be broken 
and shifted, either up or down, to a new position 
in order to balance the areas, the vertical dis¬ 
tance between the new and the old positions, is 
a measure, to the scale of yards, of the borrow 
when moved down, or the waste when moved 
up. Quantities of borrow or waste are to be 
shown in detail on the profile. When the aver¬ 
age haul in stations exceeds the economical 
length, i.e., when it costs as much to haul as it 
does to borrow, the balancing line must be 
shifted or a re-location of the canal made to give 
a new mass curve. 


(F) Timber Construction 

42. The number and size of structures should 
be cut down to a minimum. Where ravines or 
coulees are crossed by canals there is no need 
of any structure unless the catchment basin 
above the canal is large. 

43. Avoid flumes where possible. Unless a 
ravine is very deep, an escape in the bank is 
better; and where a canal crosses a summit a 
double fill or a levee is better and cheaper up to 
a height a little greater than the depth of water. 
Where they are unavoidable they should be as 
short as possible. On distributing ditches, 
flumes should never be used except where grade 
must be held up when crossing saddles, and a 
levee or fill would cost too much. The standard 
flume costs about $2.00 per foot length up to 
heights of about 10 feet, and at this rate, unless 
a large additional acreage is obtainable by 
holding up grade, a flume wouuld hardly pay 
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unless very short. Land that will cost much 
more than $5.00 per acre for a distributing sys¬ 
tem is too expensive to serve at present. Refer 
all such cases to Headquarters for decision. 

The above does not apply to inclined flumes 
which are to be used as a substitute for drops 
whenever they compare economically, or possibly 
even a little before that point is reached. As 
a means of overcoming great difference of 
elevation they are preferable to drops when they 
can be used. Frequently by care in locating 
canals a number of falls may be concentrated in 
a length short enough to permit of the substitu¬ 
tion of an inclined flume with advantage. 

Dr °P s 44. Drops on Secondary or District Canals 

should be located in about half cutting above 
the structures. Where possible they should be 
concentrated, and height and number should be 
adjusted to one another for utmost economy. 
On all canals, drops should be avoided where 
possible by utilizing natural channels for carry¬ 
ing water, where it is evident these cannot be 
cultivated. On distributing ditches the standard 
drop is one foot. 

Gates 45. ALL GATES ON SECONDARY AND 

DISTRICT CANALS should be in half cutting 
where practicable. As a general rule the sill 
elevation of distributary gates should be that 
of the bed of the canal feeding them. Cases 
will arise where a higher level is necessary to 
command additional land. In such cases the 
extra cost of the gates, which must be placed 
across the parent canal, should be balanced 
against the additional land commanded at $5.00 
per acre before a decision is arrived at. Refer 
such cases to Headquarters for decision. 

DISTRICT HEADGATES should hive a 
width in the clear equal to the bed width of the 
canal they serve, and must be built to the same 
grade elevation. As a rule both should leave 
the Secondary at grade, and District Canals 
should be located on that basis. See above. 

BRANCH GATES IN DISTRICT CANALS 
will, as a rule, be designed on the same principle 
as District Headgates, for all canals 5-feet bed 
and over. For canals and ditches 4-feet bed 
and under they will be built in such a way that 
both branches may be stopped when necessary. 

FARM SUPPLY GATES will be built to 


22 



standard plan. The walls must be of sufficient 
height to allow for the ultimate construction of 
the standard measuring weir. 

ALL GATES are to be built to standard 
plans, and any variation or combination not 
standard, must be authorised by the Division 
Engineer before construction. 

Measuring 46. Provision must be made, when locating, 

Weirs for the ultimate construction of the standard 
measuring weir at each supply point. The effect 
of this weir will be to back up water above 
grade at the supply point, and it will be neces¬ 
sary in locating to keep this fact in mind, and 
locate in extra cutting, or, when possible, make 
provision for embanking the canal to take care 
of the extra depth. This extra depth will run 
out in a few hundred feet, the distance depend¬ 
ing on the rate of grade. Weirs will not be 
constructed except by special instructions for 
each case, but provision for their ultimate 
construction must always be made. 

Bridges 47 Bridges should not be built where it is 

possible economically to divert the road allow¬ 
ance to pass by the canal, or to make one bridge 
serve two or more roads. They are to be pro¬ 
vided for at every road allowance crossed by 
the canal, which cannot be diverted. For the 
present, culverts on 2.5-feet and 3-feet ditches 
will be built only when the immediate necessity 
therefor is apparent. The approaches to bridges 
should be twenty feet wide with side slopes \.Vz 
to I, and should not as a rule be steeper than 
I in 20; for culverts the approaches need not 
exceed 16 feet in width. Distributing ditches 
and canals should be in slightly excess cutting 
to avoid built-up approaches, and should cross 
roads at, or as near, right angles as possible. In 
certain extreme cases it may prove desirable to 
build skew bridges. 
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Questions 
out of the 
ordinary 
run 


48. Questions out of the ordinary run in! 
connection with location or construction will be 
referred to Headquarters for decision. 

In cases of emergency requiring immediate 
action, Engineers will use their own judgment. 
A report covering fully any such case must be 
made without delay to Strathmore Headquarters. 


A. S. DAWSON, 

Asst. Chief Engineer. 


Calgary, Alberta, 

15 th April, 1908. 


Approved— 

J. S. DENNIS, 
Superintendent of Irrigation. 
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